presentation rate of <1 per 1000 vaccinated children. 4 Other, more severe complications include disseminated BCG infections, which are mostly associated with severe immunodeficiencies. 4, 5 Treatment of BCG-LA is controversial; however, a recent meta-analysis recommends conservative management, with no need for anti-tuberculous drugs or needle aspiration. 6 Interestingly, some studies have proposed that BCG-LA can be associated with primary immunodeficiencies (PIs). However, these publications are mostly based on case reports and retrospective studies. [7] [8] [9] There are several studies documenting PI with BCG-LA, including a case report of a patient who developed disseminated BCG with a partial recessive interferon-γ receptor 1 deficiency and two relatives with ZAP70 deficiency, and severe combined immunodeficiency syndrome (SCID). 7 Another study reported nine children with PI syndromes who developed persistent BCG-LA. 9 A 2-year prospective cohort study found that multiple and recurrent BCG-LAs are associated with some immunological deficiency markers, such as low counts of CD3, CD8, CD19, CD16/CD56 and NK cells. 10 In Mexico, routine BCG vaccination is mandatory for all newborns (all should be vaccinated before being discharged from the hospital following delivery).
The purpose of this study is to prospectively identify (based on a 3-year cohort) whether children with BCG-LA present higher numbers of ambulatory infections (AINFs) [with emphasis on upper respiratory tract infections (URTIs) and acute diarrheas (ADs)], acute otitis media (AOM) and hospitalizations, when compared with pairmatched children (same age and gender) who are BCG-vaccinated but without BCG-LA.
Methods
Thirty-one children with BCG-LA were seen at the Pediatric Infectious Diseases Outpatient Clinic, General Hospital of Tijuana, Mexico, from January 2009 to April 2014. All children were consistently vaccinated in our hospital at birth, according to the Mexican immunization calendar.
Among the 31 subjects with BCG-LA, 22 (70.97%) had axillary, five (16.13%) had supraclavicular and four (12.9%) presented with both. No treatment was given (neither medication nor needle aspiration), and eight (25.8%) developed spontaneous drainage. None of these patients developed any kind of complication, and BCG-LA completely resolved between 2-4 months for all patients.
Each patient with BCG-LA enrolled in our study was 'matched' with an infant 'control' who had received the BCG vaccine but without LA. Both patient (named as LA) and control (named as NON-LA) subjects were enrolled at similar ages (no more than a 1-month difference) and same gender, and followed for 3 years for AINF, AOM and hospitalizations. The same methodology was used for all subjects.
Surveillance was made by phone (a questionnaire asking for confirmed AINF and AOM) and in the clinic every 4 months. Questionnaires done by phone collected breastfeeding information for the first 6 months of age and day care attendance information. In addition, vaccination charts were monitored and a complete physical examination, including height and weight, was conducted at each follow-up visit.
For AINF, a URTI was defined as common cold, pharyngitis and/or croup (ambulatory), but without AOM. An AD was defined as an ambulatory diarrhea of <7 days. All AINF (both URTI and AD) were certified by a physician (by phone), or in person at our clinic.
If any immunizations (according to the Mexican calendar) were lacking, they were administered to all subjects during their visits to the clinic. Data from any hospitalization records were gathered prospectively from our hospital.
Before the study's initiation, all patients (LA and NON-LA) were tested and confirmed to be HIVnegative (by ELISA), had no reported family history of PI and had an initial normal chest X-ray.
Statistical analysis used was calculation of relative risk (RR) with 95% confidence intervals (95% CI), t test for independent variables and z test (the statistical program used was Epi-Info ® version 7). Sample estimation was performed for convenience.
The study was accepted by the hospital's IRB, and a consent form was signed by at least one parent/legal guardian of each patient included in the study.
The study was completely observational, no interventions were performed.
Results
Sixty-two subjects were enrolled, of which 31 LA patients were paired with 31 NON-LA patients. Adherence to this cohort following 3 years of surveillance was 100% for both groups. As seen in detail in Table 1 , there were no statistical differences in age at admission (LA: 119 Avg. ± 30 SD versus NON-LA: 121 Avg. ± 31 SD, days, p = 0.75, CI ± 11), gender (17 females and 14 males per pair-matched group), day care attendance (LA: 9 (29%) versus NON-LA: 13 (42%), p = 0.28) and 6 months of exclusive breastfeeding (LA: 21 (67%) versus NON-LA 18 (58%), p = 0.43).
All patients were fully vaccinated based on the Mexican immunization calendar, and malnutrition was not seen in any subject. Of the hospitalized patients, all were diagnosed with an acute respiratory infection. In the LA group, four had bronchiolitis and one pneumonia; in the NON-LA group three cases of bronchiolitis and one pneumonia were reported.
Discussion
Despite the limitations and controversy regarding efficacy of the BCG vaccine against extrapulmonary tuberculosis infections, and duration of immunity, the BCG vaccine remains the only vaccine globally administered against this disease. 1,2 Several complications following its administration have been well documented. The most frequent is BCG-LA, with a proportion varying from 0.1 to 1%. 4 In addition, some publications have reported that BCG-LA could be associated with PI in HIV-negative patients. [7] [8] [9] [10] A study done by Santos and colleagues reported three cases of BCG disease in children with PI: one with a patient with a partial recessive interferon-γ receptor 1 deficiency who developed BCG dissemination, and two relatives with ZAP70 deficiency and an SCID, both of whom presented with regional BCG-LA. The authors recommended in this study that BCG vaccination should be delayed in all newborns with a family history of PI, until these conditions have been ruled out. 7 In the review by Guerin and Bregere, the authors found that any immunodeficiency could be a contraindication for BCG vaccination, especially HIVinfected children. 8 Furthermore, recent data from South Africa make clear that BCG vaccination in HIV-infected children is associated with significant safety concerns in untreated infants, including those treated with antiretroviral therapy. 11 There has been publication of nine children with PI syndromes who developed persistent BCG-LA or disseminated BCG infections following BCG vaccination. This study, performed in Chile over a period of 10 years, reported an incidence of severe BCG infections (3.4/1,000,000 vaccinated newborns) mainly in children with severe PI syndromes. The clinical presentation and course of infection varied considerably, depending on the underlying immunodeficiency. In this study, only seven patients presented with 'only' BCG-LA, and none died as a result. The two patients who developed BCG-disseminated disease (not only BCG-LA) and did die in the study had SCID. 9 The only longitudinal study prospectively looking for PI during BCG adverse events was conducted by Samileh and colleagues in Iran. Seventy-five children between 2 months and 14 years of age were followed for 2 years. Their results found that patients who developed BCG-LA had a significantly lower total count of CD3, CD8, CD19, CD16/CD56 and NK cells, but no differences in the CD4/CD8 ratio. In this study, no patient with BCG-LA (either with laboratory confirmed immunodeficiency or not) developed clinically evident complications. 10 BCG adverse events have also been associated with the strain used, age at application and number of doses. 4, [11] [12] [13] In Mexico, the BCG strain uniformally used for vaccination is a culture obtained from BCG-1-361, derived from the Moscow strain (Serum Institute of India ® ). 14 Another study, in which mice were inoculated with 13 different BCG strains to assess virulence, showed the highest virulence among the DU2 group VI (BCG-Phipps, BCG-Frappier, BCG-Pasteur, and BCG-Ticet). Strains of BCG belonging to the DU2 group II (BCG-Sweden, BCG-Mirkhaug) were the least virulent. Furthermore, the 'Russian' strain was reported as 'the ninth least virulent' in this animal model. 13 Our study did not focus on treatment of BCG-LA, as mentioned. Nevertheless, all children had a good outcome without any kind of medical or surgical intervention.
To our knowledge, this study is the first cohort that specifically looks at the number of confirmed ambulatory and hospitalized cases of infections in children (without HIV or a family history of PI) who developed a single episode of BCG-LA, versus BCG-vaccinated without BCG-LA. The study was a strictly paired control, matched for gender and age, with no differences in day care attendance and exclusive breastfeeding for 6 months. In addition, all children had a normal chest X-ray at admission, were fully vaccinated based on the Mexican immunization calendar, and none developed malnutrition during the 3 years of surveillance.
Our results reveal that healthy children who have a single episode of BCG-LA are not at risk of developing a higher number of episodes of any AINFs (including AOM) and hospitalizations of any kind, for at least the first 3 years of age. The highest risk during childhood for AINF (including AOM) are within the first 5 years of life. 15 In our cohort, even though we did not look at specific immunological markers, patients who had BCG-LA clinically behaved very similarly to children who never developed BCG-LA but were BCG-vaccinated. This strongly suggests that the presence of a unique episode of BCG-LA may not be a marker of immunodeficiency in the HIV-negative population, or those without a family history of PI.
Potential limitations of our study are that our patients were enrolled only from one hospital setting, and the sample size is not representative of BCG-LA consequences from a national Mexican perspective. Other limitations include: surveillance was done monthly by phone and may not detect all AINFs; follow up for 3 years may not be sufficient time. However, the 'pairedmatches' of our subjects, with great similarity between the two groups and physical monitoring of each infant every 4 months to obtain a new clinical history, complete physical examination and ensuring that vaccination was complete, makes this study significantly more reliable.
It is possible that in the near future a new vaccine against tuberculosis may be developed. 16 Nevertheless, BCG should be remembered as a safe vaccine in healthy children, albeit less effective.
Conclusions
This 3-year cohort strongly suggests that one episode of BCG-LA in otherwise healthy children is not associated with more episodes of AINFs and hospitalizations, when paired and compared to BCG-vaccinated healthy children who never developed BCG-LA.
Larger cohorts, along with specific immunological markers, could be useful to fully determine whether a single episode of BCG-LA in HIVnegative children is associated or not with PI.
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